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Allowing for a nonvanishing spin tensor for cold dark matter (ωDM = 0) has the consequence of
giving rise to an effective FLRW dynamics with a small negative barotropic constant for an effective
dark matter density (−1/3 < ωeff ≤ 0). This turns out to solve the Hubble parameter tension in a
straightforward way.
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I. INTRODUCTION
The Hubble parameter tension has given rise to a con-
siderable number of hypotheses to explain it (see Refs. [1–
9]). They range from possible systematic measurement
errors (See Ref. [10]), to modified dark energy [2, 11–
14], to more exotic theories as nonminimal couplings,
torsional topological invariants, or quadratic Poincare´
Gauge Theory1 (See Refs. [18–20]), among many others.
An independent improvement in the measurement of H0
can be expected in the future using black hole mergers
as dark standard sirens, see Ref. [21].
Among all this buzz of activity, Ref. [22] offered a par-
ticularly simple solution: dropping the coldness hypothe-
sis in dark matter and allowing for a small negative value
for the barotropic constant (ωDM = −0.0108) fixes the
Hubble parameter tension. Some arguments may favor
such a non-particle dark matter scheme (see Ref. [23]),
but it would seem like an exotic possibility for many.
This article offers an alternative: a nonvanishing spin
tensor for cold dark matter (ωDM = 0) may solve the
problem along the same lines presented in Ref. [22]. The
spin tensor of cold dark matter gives rise to an effective
dynamic in the FLRW equations corresponding to a small
and negative effective barotropic constant −1/3 < ωeff ≤
0, precisely as required in Ref. [22] to fix the Hubble
tension.
Studying a nonvanishing spin tensor also opens the
possibility of a nonvanishing torsion. Many well-
motivated Lagrangian choices deal with torsion and lead
to different generalized gravity theories. However, in this
work, we choose a theory as close to General Relativity
(GR) as possible. It is just the standard Einstein-Hilbert
term, the cosmological constant, and minimally coupled
matter in an “a la Palatini” approach, i.e., Einstein-
Cartan gravity.
∗ fizaurie@udec.cl
† samuel.lepe@pucv.cl
‡ ovaldivi@unap.cl
1 For a complete description of PGT’s, see [15, 16]. Other recent
developments related to torsion can be found in [17]
The meagerness of our choice should not be consid-
ered demeaning to more general theories. On the con-
trary, there are many good reasons to look far beyond the
Einstein-Hilbert term and standard minimal couplings,
as gauge invariance [15, 16], propagating torsion [24],
or modeling neutrino oscillations [25]. Despite this, we
choose to work with the Einstein-Cartan theory on pur-
pose. The reason for it is its simplicity. We can find many
theories of modified torsional gravity and new particles
that may explain the current issues in cosmology in the
literature. However, they substantially depart from the
General Relativity and the Standard Model Lagrangians.
Considering the enormous experimental success of both
theories, we think it is worth exploring the opposite ap-
proach. It corresponds to explore whether a small modifi-
cation of General Relativity may suffice to explain these
issues, without requiring any extra couplings with the
matter Lagrangian, or additional torsional terms.
For the particular case of the Hubble parameter ten-
sion, the answer to this question is yes. We found that to
lift a seemingly unimportant hypothesis (vanishing spin
tensor for cold dark matter) explains the Hubble param-
eter tension without requiring terms beyond Einstein-
Hilbert, and leaving the ΛCDM dynamics almost un-
changed. What makes the result remarkable is precisely
the modesty of the change.
II. THE SPIN TENSOR OF COLD,
NON-INTERACTING DARK MATTER
Our knowledge of dark matter nature is scarce, and it
has given rise to a vast number of models about its com-
position. This article does not add a new model to this
enormous collection. The goal of this section is to deduce
an Ansatz for the effective spin tensor of dark matter at a
cosmological scale. To do this, we will only consider cold,
non-interacting dark matter, the Copernican cosmologi-
cal symmetries, and dimensional consistency arguments.
We advance no further hypotheses on the nature of the
particles that may constitute dark matter itself.
2Let us briefly revisit the spin tensor2 role as a source
of gravity in the simplest possible scenario. The spin
tensor’s contribution appears when considering an “a la
Palatini” approach, i.e., with the connection and the met-
ric as independent degrees of freedom, and without im-
posing the torsionless condition (Riemann-Cartan geom-
etry) [26–34].
On this geometry, let us consider the usual Einstein-
Hilbert and cosmological constant Lagrangian with
minimally-coupled matter L = 12κ4 [R (Γ, g)− 2Λ] + LM
(Einstein-Cartan gravity). The corresponding field equa-
tions read
Rµν − 1
2
gµνR+ Λgµν = κ4τµν , (1)
T λµν − δλµT γγν + δλνT γγµ = κ4σλµν . (2)
Here κ4 =
8piG
c4
, and Rµν and R correspond to the Ricci
tensor and Ricci scalar constructed from the general con-
nection Γλµν (and not the Christoffel). The σ
λ
µν stands
for the spin tensor of LM, τµν for its stress-energy tensor,
and T λµν = Γ
λ
µν − Γλνµ for torsion.
Tracing Eq. (2), the torsion reads
T λµν = κ4
[
σλµν +
1
2
(
σγγµδ
λ
ν − σγγνδλµ
)]
. (3)
The Eq. (3) implies that in Einstein-Cartan theory, tor-
sion does not propagate in a vacuum3, in sharp contrast
with curvature. Even further, in the case of standard
baryonic matter, the spin tensor arises as a small quan-
tum effect. Both things together imply that in almost
any normal astrophysical situation, the torsion created
trough this mechanism is so negligible4 that it is possi-
ble to make light-hearted jokes about it (See the end of
Chap. 8.4 of Ref. [41]).
Therefore, in the context of highly-localized interact-
ing baryonic matter and the Einstein-Hilbert Lagrangian,
torsion seems negligible, and the Einstein-Cartan theory
reduces to standard General Relativity. When consider-
ing a cosmological scale, torsion seems even more negligi-
ble: since it does not propagate in a vacuum, the effective
2 The spin tensor corresponds to the variation of the matter La-
grangian with respect to the affine structure. It depends on the
intrinsic quantum mechanical spin of the particles that are the
source of the gravitational field, and should not be confused with
the angular momentum density of a rotating body.
3 Of course, this is only in the context of the closest alternative to
GR, the Einstein-Cartan theory. When considering more general
Lagrangians, with nonminimal couplings or quadratic terms in
curvature and torsion (See Refs. [18–20, 24, 35–38]), torsion prop-
agates. For more information on the wave operator on spaces
with Riemann-Cartan geometry and propagation of perturba-
tions, see Refs.[37, 39].
4 Again, it is a weak four-fermion interaction effect only in the case
of Einstein-Cartan gravity. More complex theories can produce
more significant torsional effects that propagate in a vacuum,
see Ref. [24, 40]. Also, torsion may have some effect on neutrino
oscillations, see Ref. [25]
spin tensor of a cosmological “gas of galaxies” clearly van-
ishes. That is why, in order to have torsion propagation,
in the literature there are more complex Lagrangians and
matter couplings [15, 16, 24]. However, in this article, we
will stick to the most straightforward, non-propagating
Einstein-Cartan phenomenology of Eqs. (1-3) from now
on.
Let us observe that the full description we have made
depends on a simple fact: baryons interact. Their in-
teractions give rise to decoherence and localized struc-
ture, from atoms to stars, and huge volumes devoided of
them. That is why non-propagating features of baryons
(as their spin tensor and torsion) are irrelevant in cosmo-
logical scales in the late evolution.
The case of non-interacting cold dark matter is pre-
cisely the opposite. Whatever it is, cold dark matter
characterizes for the lack of interaction with Standard
Model particles and itself. Therefore, independently of
its composition, it seems reasonable to expect extremely
weak or absent decoherence effects for its particles. In
this case, we would have extremely delocalized dark mat-
ter particles, with giant wave functions extending over
vast distances in the Universe. It is in sharp contrast
with the highly-localized baryons.
With no decoherence effects and intergalactic-wide
dark matter wave functions, quantum effects as the spin
tensor may be much more relevant. According to Eq. (3),
the spin tensor can create a nonvanishing torsion at cos-
mic scales in this case. This torsion would contribute
to cosmological evolution, even if it cannot propagate in
a vacuum. A thin but nonvanishing dark matter wave
amplitude on cosmological scales can support an equally
widely distributed spin tensor and torsion.
The problem is how to model the spin tensor of dark
matter. Again, some reasonable models for baryonic mat-
ter do not seem to apply to dark matter. For instance, the
usual way to model the spin tensor of highly-interacting
baryonic matter is as a Weyssenhof fluid [42, 43].
The difficulties with Weyssenhof fluids start by the fact
that their spin tensors do not obey isotropy [44] in the
short micro-scales of a highly interacting fluid. However,
on a macro-scale, all the local anisotropies can be aver-
aged, recovering the Copernican principle. The result is
a theory like the ones of Refs. [45–49], where the spin
tensor of standard model fermions gives rise to a Big-
Bounce model under the extreme high-densities of very
early times.
The same reasoning does not seem to apply to non-
interacting cold dark matter on broad cosmic scales, and
a spin tensor obeying the Copernican principle seems
more appropriate. Imposing the Copernican principle
on the spin tensor £ζσλµν = 0, we get something of the
form,
σλµν =
2
c2κ4
X (t) (gλµUν − gλνUµ) +
− 2
c2κ4
Y (t)
√
|g|ǫλµνρUρ , (4)
3where Uρ is the co-moving 4-velocity, and X (t) and Y (t)
are arbitrary functions of time. Eq. (4) is a well-known
Ansatz; the second term sometimes receives the nickname
of Cartan’s staircase, see Ref. [38].
Since torsion depends algebraically on the spin tensor
through Eq. (3), it corresponds to
Tλµν =
1
c2
[
X (gλνgµρ − gλµgνρ)− 2
√
|g|Y ǫλµνρ
]
Uρ .
(5)
Without a dark matter theory, we have no a priori
information on X (t) or Y (t). To deal with this, we
have two alternatives. The first alternative would be
to look for a fundamental theory of dark matter parti-
cles that can give rise to a spin tensor with the form
Eq. (4). One example of such fundamental hypotheti-
cal particles would be dark spinors, Ref. [50]. They are
dark matter candidates giving rise to a spin tensor com-
patible with homogeneity and isotropy. However, even
if dark spinors provide an excellent solution, it is not
clear that it is unique. There could be other (maybe un-
known) dark matter candidates that also provide such
spin tensor. That is why we decided to use a more gen-
eral approach and to leave that door open. This second
approach is to deduce a torsional equation of state with-
out resorting to a particular dark matter Lagrangian. To
do so, let us observe that putting all the torsional terms
of Rµν and R at the right-hand side of Eq. (1), we get
R˚µν − 1
2
gµνR˚ + Λgµν = τµν + τ
(T)
µν , (6)
where R˚µν and R˚ are the standard torsionless Ricci ten-
sor and scalar, and τ
(T)
µν is the effective stress-energy ten-
sor for torsion. It corresponds to
τ (T)µν = gµν
(
∇˚αKαρρ + 1
2
[
KαλαK
λρ
ρ −KαλρKλρα
])
+
+
1
2
(
∇˚νKαµα + ∇˚µKανα +KαλµKλνα+
+ KαλνK
λ
µα −
[
∇˚λ +Kαλα
] [
Kλµν +K
λ
νµ
])
(7)
where
Kµνλ =
1
2
(Tνµλ − Tµνλ + Tλµν) (8)
corresponds to what is called the contorsion (or contor-
tion) tensor.
Since this effective stress-energy tensor Eq. (7) is
quadratic in torsion, it indicates that torsion scales as
Tλµν ∼
√
energy density. (9)
Therefore, it is reasonable to expect X (t) and Y (t) to
scale in the same way. Even further, torsion has to van-
ish in a vacuum, and it seems natural to expect it to
grow for higher dark matter densities. Since in the La-
grangian, the only relevant energy densities are the cold
dark matter density ρDM and
Λ
κ4
, it is natural to consider
an Ansatz for the torsional equation of state as
X,Y ∝
(κ4ρDM
Λ
)N √
ρDM , (10)
where N > −1/2 is some number (in general, a different
one forX and Y ). To assume there is no relation between
torsion and Λ amounts to the choice N = 0.
Let us observe what is happening. Copernican symme-
tries constraint the spin tensor so strongly in the cosmo-
logical scale, that it is possible to use dimensional con-
sistency arguments to fix the dependency of X and Y on
the dark matter density ρDM. Finally, it leads us to a
torsional equation of state in terms of an adimensional
“torsiotropic” constant αY, see Eq. (22). This way, we
have done for the spin tensor the same thing we usu-
ally do for the stress-energy tensor on an FLRW geom-
etry. Whatever the cosmological fluid is, we describe it
through p = ωρ and choose different barotropic constants
ω depending on the fluid. The spin tensor components
may not scale linearly with the dark matter density, but
the concept is the same.
III. THE FLRW EQUATIONS
Using the FLRW metric with flat spatial section and
the Eq. (5), the field equation (1) takes the form
3
c2
[
(H +X)
2 − Y 2
]
− Λ = κ4 (ρb + ρDM) , (11)
and(
1
c2
(
H˙ + X˙
)
+H (H +X)+
+
1
2
[
(H +X)
2 − Y 2
])
− 1
2
Λ = −κ4 1
2
(pb + pDM) ,
(12)
where ρb and pb are the density and pressure of baryons.
Afterward, we impose the cold dark matter pressureless
condition pDM = 0, but for now, let us keep the term so
we can follow its role in the equations.
Let us impose the condition that baryonic matter does
not directly interchange energy with dark matter and nei-
ther with torsion. The former is an empirical fact, and
the second is, to the best of our knowledge, an excellent
approximation (except for very early times). This lack of
interaction with baryonic matter implies the usual con-
servation law for it
d
dt
ρb + 3H (ρb + pb) = 0 . (13)
From this (and some straightforward manipulation), it
4is possible to write the field equations as
3
c2
(H +X)2 − Λ− κ4
(
ρb + ρDM +
3Y 2
κ4c2
)
= 0 , (14)
d
dt
ρb + 3H (ρb + pb) = 0 , (15)
d
dt
(
ρDM +
3Y 2
κ4c2
)
+ 3H
(
ρDM +
2Y 2
κ4c2
+ pDM
)
+
+X
(
ρb + ρDM + 3 [pb + pDM]− 2 Λ
κ4
)
= 0 . (16)
The roles of the two spin tensor modes are extremely
different. Let us sacrifice generality for simplicity, and
let us impose X = 0 to focus our attention only on the
behavior of the Y component. Defining an effective dark
matter density and pressure given by
ρeff = ρDM +
3
c2κ4
Y 2 , (17)
peff = pDM − 1
c2κ4
Y 2 , (18)
in the X = 0 case, the field equations adopt the canonical
form
3
c2
H2 = Λ+ κ4 (ρb + ρeff) , (19)
d
dt
ρb + 3H (ρb + pb) = 0 , (20)
d
dt
ρeff + 3H (ρeff + peff) = 0 . (21)
The only difference with the standard ΛCDM cosmol-
ogy is that the effective pressure is still negative peff < 0
for the case of cold dark matter pDM = 0. Let us use the
Ansatz (10) with N = 0 to write down
Y = αY c
√
κ4
3
ρDM , (22)
where αY is a “torsiotropic” constant of proportionality.
In the case of cold dark matter pDM = 0, the effective
barotropic constant corresponds to
ωeff =
peff
ρeff
= −1
3
1
1 + 1/α2Y
, (23)
and therefore −1/3 < ωeff ≤ 0. In other words, the
spin tensor component has the effect of creating a non-
particle FLRW effective behavior for otherwise standard
cold dark matter. Let us emphasize that this small nega-
tive pressure peff is only an effective artifact at the FLRW
evolution level, and it does not change the characteris-
tic dark matter speed. Dark matter in our model is still
standard ωDM = 0 pressureless cold dark matter. The
only difference with the standard case is that we assume
one of the spin tensor components does not vanish.
Even further, torsion does not interact with Standard
Model bosons, and the interaction with fermions is too
weak to be detected in a particle physics experiment5.
Besides, when passing all the torsional terms at the right-
hand side of the field equations as in Eq. (6), it behaves as
an additional source of standard torsionless Riemannian
gravity. For this reason, some authors have suggested
that the whole dark matter phenomenology could be due
to torsion [51]. We do not go as far, but the point is that
torsion behaves as an extra dark source for the torsionless
piece of gravity.
Therefore, in the current context, we have to distin-
guish between dressed and bare dark matter. When
we measure torsionless Riemannian effects and attribute
them to dark matter, what we are measuring is the alto-
gether combined effect of “bare” dark matter and torsion,
ρDM +
3
c2κ4
Y 2. In other words, torsion amplifies the ef-
fect of dark matter, creating the “dressed” version ρeff
we observe as a dark source.
The solution to the Hubble parameter tension pre-
sented in Ref. [22], but rephrased in terms of “dressed”
dark matter, would be the following. According to the
PLANCK report Ref. [52], they measured in a model-
independent way the combination Ωxh
2 for baryons and
dark matter (where h is the “adimensional” Hubble pa-
rameter given by H0 = 100h
km
s·Mpc) as
Ω
(PLANCK)
b h
2 = 0.0224± 0.0001 , (24)
Ω
(PLANCK)
DM h
2 = 0.120± 0.001 . (25)
The tabulated values of Ωx and H0 at z = 0 are pre-
dictions assuming standard ΛCDM, not direct measure-
ments.
Since the values of PLANCK assume a vanishing pres-
sure for dark matter, it is equivalent to saying that it is a
model-independent measurement of dark matter density
ρDM|CMB at z = 1089. Using the value Eq. (25), it is
simple to check (omitting errors) that
ρDM|(PLANCK)CMB =
3H20Ω
(PLANCK)
DM
κ4c2
(z + 1)
3
∣∣∣∣∣
z=1089
= 0.262
J
m3
. (26)
In the context of our model, measurements of Rieman-
nian geometry-dependent features (as CMB data) are
sensitive only to the whole dressed effective dark mat-
ter density ρeff , and not to the bare one ρDM. Therefore,
PLANCK data corresponds in our model to
ρeff |z=1089 = ρDM|(PLANCK)CMB , (27)
and not to the bare density ρDM|z=1089.
5 Again, assuming a minimal coupling in Einstein-Cartan theory.
There is no experimental reason to assume otherwise, but if there
were nonminimal couplings, torsion would be easier to detect, see
Ref. [40].
5Even further, assuming that direct measurements give
the correct value of H0, like the ones from Refs. [53, 54],
(e.g. H0dir = hdir
100 km
s·Mpc with hdir = 0.742± 0.018), and
allowing for a small negative effective barotropic con-
stant −1/3 < ωeff ≤ 0, it is clear that the values of Ωb
and Ωeff slightly change in comparison to the tabulated
Ω
(PLANCK)
b = 0.049 and Ω
(PLANCK)
DM = 0.265. For a start,
the baryonic density parameter would correspond to
Ωb =
(
Ω
(PLANCK)
b h
2
)
tabulated
h2dir
= 4.07× 10−2. (28)
Similarly, the parameter Ωeff depends on ωeff through
Ωeff =
κ4c
2
3H2dir0 (z + 1)
3(1+ωeff )
ρDM|(PLANCK)CMB
∣∣∣∣∣
z=1089
,
=
(
Ω
(PLANCK)
DM h
2
)
tabulated
h2dir
1
(z + 1)3ωeff
∣∣∣∣∣∣
z=1089
,
=
0.218
10903ωeff
. (29)
From the flat spatial section geometry condition Ωeff+
Ωb + ΩΛ = 1, we have Ωeff = 0.273. Therefore, ωeff
has the same small negative value already known from
Ref. [22],
ωeff = −1.08× 10−2 . (30)
Using Eq. (23), we can read back αY as
αY =
√
− 1
1 + 13ωeff
= 0.183 . (31)
Therefore, from Eqs. (23) and (22), we can see that
torsion amplifies the dark matter density for only a small
factor,
ρeff =
(
1 + α2Y
)
ρDM
= 1.03 ρDM , (32)
and the bare torsion density parameter ΩDM corresponds
finally to
ΩDM =
1
1.03
Ωeff
= 0.265 , (33)
which coincides precisely with the one tabulated by
PLANCK. Therefore, the departure from ΛCDM is tiny.
The only density parameter changing a bit is the one as-
sociated with baryons, decreasing from Ω
(ΛCDM)
b = 0.049
to Ωb = 0.041. The difference is due to the energy den-
sity associated with 3
c2κ4
Y 2.
IV. CONCLUSIONS
We have proved that a nonvanishing spin tensor for
cold dark matter mimics the effect of a small negative
barotropic constant, ωeff = −1.08×10−2. The small neg-
ative pressure created through this mechanism suffices
to explain the Hubble parameter tension, starting with
the CMB initial conditions measured by PLANCK. The
work of Ref. [22] already proved that this small negative
barotropic constant could solve the tension problem, but
the novelty of the mechanism shown here is that it does
not require “exotic” physics. Instead, it only requires al-
lowing one of the dark matter spin tensor components to
have a non-zero value.
The departure from ΛCDM is tiny, and everything is in
agreement with CMB’s initial conditions. The only den-
sity parameter that changes a bit in comparison to stan-
dard ΛCDM is the one of baryonic matter, lowering from
the standard ΛCDM value 0.049 to 0.041. The differ-
ence is due to the small energy density 3
c2κ4
Y 2 associated
with the spin. The tiny negative pressure corresponding
to this spin component solves the tension problem in the
current model.
To use a negligible spin tensor for baryonic matter is an
excellent approximation on cosmological scales, due to its
interactions and decoherence. In contrast, none of these
conditions seem to be true for dark matter, and there-
fore to neglect its spin tensor seems unjustified. That
is the main reason that makes plausible the mechanism
presented here.
Nevertheless, important unanswered questions remain
when considering torsion as an extra dark source for the
Riemannian piece of the geometry. Dark matter density
is several orders higher in galaxies than the average in the
Universe. Therefore, if torsion solves the Hubble param-
eter tension, it should also play a role in galaxy dynamics
and formation of structures.
However, given our current knowledge (or lack of it),
it seems extremely difficult to distinguish between the
effects of “bare” dark matter and the effects of torsion.
Since torsion is dark, all of our observations are sensitive
only to the combined effect of both phenomena. In cos-
mological scales, the requirements of homogeneity and
isotropy are so strong that they fix the spin tensor al-
most wholly. It was vital to arrive at a model with just
one free small parameter that could solve the Hubble
tension. For cases with fewer symmetries, as galaxy dy-
namics and formation of structures, the same procedure
is a non-starter. A priori, in our simple model, with a
non-propagating torsion that follows the bare dark mat-
ter distribution, seems there are no reasons to expect
a departure of ΛCDM concerning structure formation.
Nonetheless, the only way to make a meaningful pre-
diction would be to have a well-known dark matter La-
grangian instead of the simple model we have shown here.
The real way of solving this issue would be to have
an experimental probe to distinguish between both ef-
fects. From the side of particle physics, the situation
6seems unclear in the foreseeable future. Since we have
not detected dark matter particles, measuring their spin
tensor is equivalent to measuring torsion in a particle
physics experiment, an unsolved problem known for its
enormous experimental difficulty [40]. However, there is
an entirely different way to attack this problem, which
could be much more promising. Recently, Refs. [37, 39]
showed that a nonvanishing torsion background should
affect the propagation of the amplitude and the polar-
ization of gravitational waves. Therefore, gravitational
waves could provide an astrophysical probe to test these
ideas experimentally and check whether torsion could
play a role in the dark matter puzzle.
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